Three genotypes of CHIKV have been defined: the West African, East/Central/South African, and Asian. The virus can be transmitted in a human-mosquito-human transmission cycle and can be spread by viremic humans. This fact is important as in dense human populations with lack of immunity there is a great probability of an explosive CHIKV epidemic 2 . Aedes (Ae.) aegypti and Ae. albopictus mosquitoes are the vectors for this virus and are found throughout the Americas, including parts of the United States.
Chikungunya virus outbreaks have previously been documented in the countries in Africa, Asia, Europe, India and the Pacific islands 3 . In 2013, the first confirmed autochthonous cases in the Americas were reported on St Martin Island, in the Caribbean. Before that, only imported cases of CHIKV had been detected 4 . As most people in that region are not immune, 3.6 billion persons in 124 countries are estimated to be at risk.
In 2015, several southern American countries confirmed local transmission: Bolivia, Ecuador, Colombia, Paraguay, Venezuela, and Argentina 
Clinical and neurological manifestations
The incubation period for CHIKV ranges from one to 12 days and is followed by high fever, exanthema, myalgia, headaches, and arthralgia. This last symptom is usually symmetrical and, almost always, affects more than one joint. Although the acute symptoms do not last more than one to two weeks, arthralgia can persist for months or years. Asymptomatic infections rates range from 3% to 25% of cases 7 .
Beside the typical clinical picture of CHIKV, atypical manifestations such as neurological complications have been reported. In these cases, the clinical spectrum between adults and children has been similar 8 . Encephalopathy was the most common complication among CHIKV-infected neonates after mother-to-child transmission. During the delivery period, the rate of transmission for viremic women was close to 50%. Fifty percent of infected infants had pathological MRI findings, such as white matter lesions, swelling of the brain, and cerebral hemorrhages, sometimes progressing to permanent disabilities or death 9 . Meningoencephalitis has been reported in outbreaks in India and Réunion Island 10 . Neurological manifestations secondary to CHIKV infection have been described, ranging from 16% of a total of 300 cases, with encephalitis being the most common neurological presentation 11, 12 . Brainstem encephalitis post-Chikungunya infection had also been reported 10 .
Neurological complications described in the recent epidemics include: meningo-encephalitis, meningoencephalo-myeloradiculitis, myeloradiculitis, myelitis, myeloneuropathy, Guillain-Barré Syndrome (GBS), external ophthalmoplegia, facial palsy, sensorineural deafness, and optic neuritis 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23 . Optic nerve involvement in CHIKV infection includes papillitis, retrobulbar neuritis, and neuroretinitis 17 . Encephalitis occurs either simultaneously or within a few days of onset of systemic symptoms, Figure. Confirmed cases of Chikungunya and Zika infections.
Confirmed cases of Chikungunya and Zika

Confirmed cases of Zika
Confirmed cases of Chikungunya during the period of viremia. A delay of more than two weeks has been reported with other complications like myelitis, GBS, and optic neuritis 13, 17, 21 . A prospective study, performed in India from August to October 2006, of 20 hospitalized patients, found the occurrence of neurological symptoms and signs early in the course of the disease in cases of Chikungunya. All patients showed a disturbance in their level of consciousness, such as confusion, drowsiness and delirium. Six patients had psychosis and six had focal or generalized seizures with normal EEG. Total blindness due retro-bulbar neuritis occurred in two patients. One patient had right hemiparesis, with diminished deep tendon reflexes and flexor plantar response, and mild papilloedema. A brain CT scan revealed a ring-enhancing lesion in the left basal ganglia 19 . Analysis of the cerebrospinal fluid of patients in this study revealed raised protein in 17 patients; glucose was normal in all 20 patients. Nine patients had a cytology count of > 5 cells/mm 3 , predominantly lymphocytes or mononuclear cells, indicating that there was no specific correlation between neurological findings and abnormalities in the cerebrospinal fluid (CSF) 19 (Table 1) .
Neuropathogenesis
The CHIKV can be detected in the brain within two days of experimental infection 30 . Microgliosis and perivascular cuffs were found in the brain parenchyma of mice infected by CHIKV, as well as neuronal degeneration in the hippocampus and multifocal lymphocytic leptomeningitis. Also, CHIKV seems to targets ependymal cells, progenitor and stem cells in the subventricular zone. This would impair neurogenesis and neuronal migration, and is an hypothesis for the neuropathogenesis of encephalomyelitis related to CHIKV 9 . Recent studies have demonstrated that cultured astrocytes and oligodendrocytes are highly susceptible to CHIKV infection. Glial cells express several pattern recognition receptors involved in detecting viral particles as well as damage-associated molecular patterns. These cells can then be induced to express high levels of cytokines and chemokines in response to CHIKV infection. The astrocytes' response to this virus would alter the number and distribution of synapses that each astrocyte would be capable of forming. These results provide the first evidence that CHIKV infection induces morphometric and innate immune activation of astrocytes in vivo 31 .
Laboratory diagnosis
The diagnosis of CHIKV is based on clinical, epidemiological, and laboratory criteria. The detection of viral nucleic acid or the infectious virus in serum samples is useful during the initial viremic phase, at the onset of symptoms, and usually for the following five to 10 days, when CHIKV RNA reaches very high levels. After this, the diagnosis depends on the detection of specific immune responses by serological methods 32, 33, 34 . The molecular assays are a rapid and sensitive technique for the diagnosis of CHIKV infection during the early stages of illness. Conventional reverse transcription polymerase chain reaction (RT-PCR) 32 are available, along with other RT-PCR real-time assays 33 More recently, a one-step SYBR green-based real-time assay targeting the non-structural nsp2 gene has been described 34 . Virus isolation from the serum of infected patients can also be performed. In the early phase of the disease, the viral load is very high and the immune response is not yet detectable. The presence of an early antibody seems to prevent isolation of the virus, since virus isolation has been shown to be successful largely in antibody-negative samples, obtained on, or before, day two of illness 35 .
Immunological techniques such as IFA and ELISA tests are rapid and sensitive for the detection of specific antibodies for the CHIKV. The IgM antibodies are detectable two to three days after the onset of symptoms and persist for several weeks to three months 30 . Rarely, IgM can be detected for longer periods, up to one year. Type-specific IgG antibodies appear after IgM antibodies (two to three days) and persist for years.
Another test that can be used is the plaque reduction neutralization test. It is quite specific for alphaviruses and is the gold standard for confirmation of serologic results. Its positivity may be more than eight days after the onset of illness 36 ( Table 2) .
ZIKA VIRUS
History and epidemiology
The ZIKV was first reported on April 18, 1947, when a mysterious fever developed in a rhesus monkey in the Zika Forest of Uganda 37 . The ZIKV was then isolated, using Rhesus serum inoculation in mouse brains.
The virus was isolated from humans in Nigeria during studies conducted in 1968 and during 1971-1975 28 . From 1951 through 1981, serologic evidence of human ZIKV infection was reported from other African countries such as Uganda, Tanzania, Egypt, Central African Republic, Sierra Leone 39 , Gabon, and in parts of Asia 39, 40 . The ZIKV disease was detected outside of Africa and Asia following an outbreak on Yap Island in 2007 41, 42 . More recently, in October 2013, ZIKV was detected in French Polynesia 43 . Several cases of ZIKV infections have been reported in travelers to southeast Asia 44, 45 and French Polynesia 43, 46 . In early 2015, the records of patients presenting with a "dengue-like syndrome" appeared in the public health service in the city of Natal, Rio Grande do Norte, Brazil (Figure) .
In fact, the real incidence of Zika fever is unknown due clinical symptoms that mimic dengue infection, and the lack of simple laboratory tests. However, in endemic areas, epidemiological studies have shown a high prevalence of antibodies against Zika 38 . An example of this is the Yap epidemic that occurred in 2007, resulting in an attack rate of 14.6/1000 inhabitants and a seroprevalence of 75% after the epidemic. This prevalence is certainly overestimated due to cross-reactivity between antibodies directed against Zika and other arboviruses 41 . Boorman, et al. showed that the extrinsic incubation period for ZIKV in mosquitoes is approximately 10 days and the ZIKV is transmitted through mosquito bites 52 .
Clinical and neurological manifestations
The most common signs and symptoms of ZIKV infection are skin rash (mostly maculopapular), fever, arthralgia, myalgia, headache, and conjunctivitis. Other symptoms such as articular oedema, sore throat, cough, and vomiting are also reported 45, 53 . Despite the generally benign course of the disease, some epidemics that recently occurred in French Polynesia and Brazil reported the most severe conditions with involvement of the nervous system (GBS, transverse myelitis, microcephaly and meningitis). During the Zika outbreak in French Polynesia, the first case of GBS developed seven days after a flu-like illness, bringing to mind Zika infection. Since then, the incidence of GBS has multiplied 20-fold in French Polynesia, raising the possibility of a potential implication of ZIKV 24 . It has been found that the simultaneous epidemics of dengue virus type 1 and 3 could also be a predisposing factor for the development of GBS during Zika fever, since infection by the dengue virus had also been associated with GBS 54, 55 . This fact raised the possibility of an immune stimulation by sequential arboviruses that could be responsible for such an unusual clustering of GBS cases during simultaneous Zika infection and two dengue serotypes. The risk of GBS development would be increased by a specific sequence of dengue virus infections and Zika. Hence, in endemic areas, physicians should be aware of the risk of demyelinating diseases in cases of Zika infection.
In a Polynesia Epi Bulletin there were neurological or autoimmune complications found in 70 patients studied between November 2013 and February, 2014 56 . Thirty-eight patients had GBS after ZIKV infection and 25 had other neurological complications such as encephalitis, meningoencephalitis-encephalitis, facial paralysis, and myelitis. Among the GBS patients, there were 73% males, with a mean age of 45.9 years, and almost all cases were ethnic Polynesians. All the patients with GBS developed neurological symptoms after the development of a disease with symptoms consistent with ZIKV infection in previous days. One of these patients had been laboratory-confirmed as ZIKV by RT-PCR at the initial infection, and other preliminary results showed ZIKV IgG positive after the occurrence of neurological signs 56 . A GBS case-controlled study performed at the Hospital of Polynésie Française during the outbreak period (between October 2013 and April 2014), suggested a possible association between the ZIKV and GBS. According to the study, 42 patients were diagnosed with GBS during the period, where 41 (98%) of these patients had ZIKV anti-IgM or IgG. Patients with GBS had electrophysiological findings consistent with acute motor axonal neuropathy, characterized by the distal involvement of motor nerves. The recovery was faster than normally observed in typical GBS During a retrospective analysis of a large Zika outbreak in French Polynesia, between 2013 and 2014, the authors found that the risk of malformation was about 1% when women were infected by the ZIKV during the first trimester of pregnancy 29 . It had become a major public health concern, as the incidence of Zika virus in the general population may be very high during outbreaks. Thus, these findings highlight the need to inform pregnant women to protect themselves from mosquito bites and avoid traveling to affected countries 29 .
Diagnostic methods
The ZIKV infection can be diagnosed by PCR, which can detect viral RNA, in the acute phase. Samples obtained within 10 days after the onset of the disease should have PCR performed. In general, the diagnostic tests for flaviviruses should include an acute phase serum sample, taken as soon as possible after the onset of disease and a second sample taken two to three weeks after the first 58 .
Other diagnostic methods include serologic tests (ELISA or immunofluorescence) to detect IgM or IgG antibodies against ZIKV, which may be positive after five to six days after the onset of symptoms. This should show an increase of antibody titer in paired samples with an interval of about two weeks. Confirmation of the positive results should be confirmed with the plaque reduction neutralization test, showing at least a fourfold increase in titer of neutralizing antibodies to ZIKV. It is known that cross-reactivity with other flaviviruses can occur, especially dengue, yellow fever and, less frequently, with the West Nile virus. Therefore, the results should be interpreted with caution 37, 38 . Urine samples for the detection of viral genomes by RT-PCR may be the diagnostic method of choice, since the disappearance of the genome in serum has been shown to be within 10 days for ZIKV, but in urine samples it can be detected until fifteen days after the onset of infection 58, 59, 60 (Table 2 ). Appropriate diagnostic specimens for RT-PCR testing include plasma/serum, urine, CSF, amniotic fluid and placental tissue. Serology is usually performed on serum; however, viral antibodies may also be detected in the CSF 58, 59, 60 .
Chikungunya and Zika treatment
Treatment for Zika and CHIKV is symptomatic, and is very similar to dengue fever. It includes antipyretic, analgesic, anti-inflammatory drugs to reduce joint and muscle pain, three to six eye drops twice daily as a lubricant, anti-allergy drugs, among others. In the case of pruritic eruptions, antihistamines may be considered. Medicines containing aspirin should not be used, as well as in cases of dengue fever, because they may increase the risk of bleeding 61 . The treatment of neurological manifestations will depend on the type of affliction, such as intravenous immunoglobulin or plasmapheresis in cases of GBS 25 , and corticosteroid pulse therapy/intravenous immunoglobulin in cases of myelitis 26 . There is no vaccine against these diseases. The Aedes mosquito outbreaks, typical of urban areas of tropical and subtropical climates, should be eliminated.
